Plectranthus caninus Roth (Lamiaceae) is a branched, succulent, and pubescent annual herb that attains a height of 15-40 cm. It grows in dry stony ground, rocky areas and road sides at an altitude between 1000-2600 m above sea level. [4] In Eastern Africa, it is used to treat teeth and gum disorders. [3] In northern part of Ethiopia P. caninus is known by its vernacular name "Endifdif " and it is traditionally used as anthelmintic and for the treatment of common cold. In Kenya, old men use its leaves as snuff, a habit that can become addictive. [3] Perusal of literature has revealed the isolation of phenolics [5] and diterpenes [6] from the leaves of P. caninus. The diuretic [5, 7] , cytotoxic and antitumor promoting [5] activities of the plant are also reported.
As a continuation of our research on essential oil bearing plants of Ethiopia, [8] [9] [10] [11] [12] [13] [14] [15] we report herein the chemical composition, antimicrobial, radical scavenging and antiinflammatory properties of the essential oil distilled from the aerial parts of P. caninus. a b s t r a c t the essential oil from the aerial parts of Plectranthus caninus roth (lamiaceae), obtained by hydro-distillation was analyzed by gas chromatography/mass spectrometry (gc/Ms) and evaluated for antimicrobial, free radical scavenging and anti-inflammatory activities. Thirty-four compounds representing 91.02% of the total oil were identified. the major constituents of the oil were camphor (22.36%) and α-thujene (14.48%). the oil was tested against 21 bacterial and 4 fungal strains using disc diffusion method and found to be active against a broad spectrum of pathogens including gram-positive and gram-negative bacteria as well as some fungal strains. the minimum inhibitory concentrations (MIcs) of the oil against the bacterial strains tested ranged from 10 to 400 μg/ml, and from 800 to 1000 μg/ml against the fungal strains employed. the in vitro antioxidant activity was assessed using 2,2-diphenyl-1-picrylhydrazil (DPPH) radical scavenging assay. the oil reduced DPPH in a concentration dependent manner with an ec 50 value of 3.5 μl/ml. the in vivo anti-inflammatory activity was evaluated on the basis of inhibition of carrageenaninduced mouse hind paw oedema whereby doses of 200 and 300 mg/kg were found to inhibit significantly increase in paw volume during the late phase of inflammation. The study provides evidence for the broad-spectrum antimicrobial, significant antioxidant and anti-inflammatory effect of Plectranthus caninus essential oil, a possible explanation for the traditional use of the plant in the treatment of cold, teeth and gum disorders which may be related to microbial infections and inflammation.
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IntROduCtIOn
In recent years, an upsurge of interest in the use of natural substances as phytomedicines has resulted in a more thorough investigation of plant resources. Aromatic plants and their essential oils, used since antiquity in folk medicine and for the preservation of food, are known sources of natural secondary metabolites having biological activity such as antimicrobial, antioxidant and anti-inflammatory action among many others. [1] Plectranthus is a genus rich in essential oils. It contains about 300 species found in Tropical Africa, Asia and Australia with a diversity of ethnobotanical uses. [2, 3] checked for purity on the basis of standard microbiological, cultural and biochemical tests and then used for sensitivity testing towards the essential oil.
Fungal strains
Antifungal activity testing was carried out on the following fungal pathogens: Aspergillus niger ATCC 6275, Candida albicans ATCC 10231, Penicillium funiculosum NCTC 287 and P. notatum ATCC 11625. All the fungal strains were procured in lyophilized state from the Institute of Microbial Technology (IMT), Chandigarh, India and preserved in the laboratory.
Antibacterial activity evaluation
The minimum inhibitory concentration (MIC) of the oil was determined by checkerboard technique using nutrient agar medium. [19] [20] [21] The zones of inhibition produced by the essential oil were determined and compared with that of pure ciprofloxacin by disc diffusion technique. [21, 22] Two sets of dilutions (100 µg/ml) whereby each of the oil dissolved in dimethyl sulphoxide (DMSO) and ciprofloxacin dissolved in sterile distilled water were prepared in sterile McCartney bottles. Sterile nutrient agar plates were prepared and incubated at 37°C for 24 h to check for any possible contamination. Three sterile filter paper discs (What man no. 1) of 6 mm diameter were soaked in the same dilution of the essential oil (each 6 mm disc was shown to absorb 25 µl of oil solution or reference drug stock solution in order to be saturated) and placed in an appropriate position on the plate, marked as quadrant at the back of the Petri dishes. The Petri dishes were incubated at 37°C for 24 h and the diameters of the zones of inhibition were measured in mm. A similar procedure was adopted for the pure ciprofloxacin and the corresponding zone diameters were compared.
Determination of mode of antibacterial action of the oil
The bacteria were allowed to grow in nutrient broth overnight, from which 2 ml were added to 4 ml of sterile nutrient broth and incubated for further 2 h at 37°C so that the culture attained a logarithmic phase of growth. The essential oil was then added at a higher concentration than the MIC value for that particular strain. The number of colony forming units (CFU/ml) were determined by the method described by Miles and Misra at an interval of 2 h up to 6 h and then after 18 h. [23] Antifungal activity evaluation
The antifungal activity was first evaluated by estimation of MIC of the oil against the fungal pathogens followed
MAtERIAls And MEthOds

Plant material
The aerial part of P. caninus was collected in June 2007 from in and around the city of Addis Ababa, Ethiopia. The authenticity of the plant material was confirmed by Ato Melaku Wondaferash, the National Herbarium, Department of Biology, Addis Ababa University, where a voucher specimen was deposited.
Essential oil distillation
The fresh aerial part of P. caninus was extracted by hydrodistillation of 1 kg of the plant material using a Clevenger-type apparatus for 4 h. The oil obtained was stored in a sealed amber coloured vial in a refrigerator at -10°C until use.
Gas chromatography/Mass spectrometry analysis
Qualitative and quantitative GC/MS analyses were carried out on a Hewlett-Packard 5890 Series II Plus gas chromatograph interfaced to an HP 5989B mass spectrometer. Separation was done on a 25 m x 0.25 mm HP5-MS capillary column coated with 0.50 μm 5% phenyl 95% methylpolysiloxane. Temperature programming was set at 70-250°C, at a rate of 3°C/min. The carrier gas used was helium at a constant flow rate of 1.9 ml/min. Injector and interface temperature were adjusted to 250°C and 280°C, respectively. EI mass spectra were recorded at 70 eV ionization voltage (source temperature 250°C). Compounds were identified by mass spectral comparison with a commercial database (Wiley8 and NISTO5 mass spectral library) and the laboratory's own database. Spectral data were compared with linear retention indices published in the literature. [16] [17] [18] Bacterial strains
The oil was tested against the following Gram-negative bacterial strains: All the bacterial strains were procured from the Department of Pharmaceutical Technology, Jadavpur University; Central Drug Laboratory, Kolkata and Institute of Microbial Technology, Chandigarh, India. The strains were first (three male and three female). The oedema inducing agent, i.e. 0.05 ml of 1% carrageenan in normal saline was then injected into the plantar surface of the left hind paw 30 min after oral administration of the test substances. The volumes of injected paws were measured before, and 60, 120, 180 and 240 min after injection of carrageenan using Ugo Basile plethysmometer (Italy, model 7140). The increase in paw volume, i.e. inflammation (%I) was calculated according to the equation given by Delporte et al.: [28] %I = Vf -Vi Vi × 100
where Vf and Vi are the final and initial paw volumes of each animal, respectively. The mean %I was then calculated and a curve of mean %I versus time was plotted.
In addition, the anti-inflammatory effect (%A) was calculated according to the formula given below [28] and data were presented as mean ± standard error of the mean (SEM).
where %I c and I e are the inflammation values reached in control and experimental groups, respectively.
Statistical analysis
Data were expressed as mean± SEM, and statistical significance was determined via one way analysis of variance (ANOVA) followed by Tukey-Kramer multiple comparison test with p < 0.05 considered to be significant.
REsults And dIsCussIOn
Chemical composition analysis
The percentage yield of the essential oil of the fresh aerial part P. caninus obtained by hydrodistllation was 0.3% (v/w).
The oil was yellowish with unpleasant scent having specific gravity, refractive index and optical rotation ([α] 22 D CHCl 3 ) of 0.92, 1.48 and +21.56°, respectively. Qualitative and quantitative analyses carried out by GC/MS identified 34 compounds representing 91.02% of the total oil of which five were unknown. Two of the unknowns were shown to be oxidized sesquiterpenes. The results of GC/MS analysis are summarized in Table 1 .
The major constituents of the essential oil of P. caninus were camphor (a bicyclic monoterpene ketone, 22.36%) and α-thujene (a bicyclic monoterpene hydrocarbon, 14.48%). About 80% of the components in the essential oil were monoterpens of which 37% were oxygenated while the remaining were non-oxygenated monoterpenes. Eleven percent of the total oil was composed of sesequiterpenes, by the disc diffusion study with griseofulvin as a reference standard. To determine whether the oil was fungistatic or fungicidal, plugs from the zone of inhibition were taken out and re-incubated in fresh media that were then examined for their growth after 96 h incubation at 25°C. [24, 25] Free-radical scavenging activity
The free-radical scavenging activity of the essential oil was determined with 2,2-diphenyl-1-picrylhydrazil (DPPH) assay [26] The samples were diluted with methanol to prepare 172, 333, 585 and 667 μl of the essential oil/ml solutions. Five ml of 0.004% DPPH solution was pipetted into each test tube followed by the addition 50 μl of sample solutions. After the mixture was incubated at 37 ºC for 30 min in the dark, the absorbance was measured against blank at 517 nm using Jenway 6505 UV/VIS spectrophotometer. The percent of DPPH scavenged was calculated using the following equation:
where, Ao is absorbance of the control (containing all reagents except the test compound) and A is absorbance of the tested sample at 517 nm. Tests were carried out in triplicate and vitamin C was used as a positive control.
The EC 50 value (effective concentration that decreases the initial DPPH absorbance by 50%) of the oil was calculated from the linear regression plots of concentration vs. percent of DPPH scavenged.
Anti-inflammatory activity Animals
Swiss Albino mice of either sex with body weight 25-30 g were used for the experiment. The animals were procured from the Ethiopian Health and Nutrition Research Institute (EHNRI), Addis Ababa. Animal quarters were maintained at a temperature of 22 ± 2°C with 12-h light/12-h dark cycle. They were fed on a standard mouse diet. All animals were fasted overnight before oral dosing; tap water was available ad libitum.
In vivo antiinflammatory activity testing
In vivo anti-inflammatory activity was evaluated on the basis of inhibition of carrageenan-induced mouse hind paw oedema as described by Marroquin-Segura et al. [27] The essential oil 100, 200 or 300 mg/kg diluted with 1% Tween 20, indomethacin (10 mg/kg) and the vehicle were given orally to the experiment, reference and control groups, respectively. Animals of either sex were used in the experiment and each group was composed of six mice an excellent activity (MIC=10 μg/ml). The effect of the oil against S. typhi and the two Bacillus species used in this study was significantly lower. As shown in Table 2 , the oil exhibited an average inhibition of 94.5% on the growth of E. coli strains and 93% on V. cholerae when compared with that of ciprofloxacin. As there was no evidence of growth after incubation of the bacteria in the presence of the oil at a concentration level above the respective MIC values, the mode of action of the oil was considered to be bactericidal.
The oil did also demonstrate maximum fungal inhibitory potency against C. albicans with an MIC value of 800 μg/ ml. At a concentration of 2000 μg/ml, the average inhibitory activity of the oil against C. albicans was 85.6% when compared with that of griseofulvin. Both Pencillum spp used in this study were inhibited at a concentration of 1000 μg/ml. The mode of action of the oil was proved to be fungicidal since incubation of plugs taken from the zones 6.81% being non-oxygenated. 1-Octen-3-ol (0.46%) was detected as the only non-terpenoidal component of the oil.
Antimicrobial activity
Antimicrobial studies were conducted on 21 bacterial and 4 fungal strains. The antibacterial susceptibility screening revealed that the essential oil exhibits a broad-spectrum activity against both Gram-positive and Gram-negative bacteria and also against a few fungal strains ( Table 2 ).
The MIC of the oil against the bacterial strains tested ranged from 10 to 400 μg/ml and from 800 to 1000 μg/ ml against the fungal strains employed. Comparison of the effect of the oil against the various test bacterial strains indicated that it was significantly active on almost all strains of E. coli, Shigella spp, S. aureus and V. cholerae with an MIC value of 25 μg/ml. Shigella flexneri Type 6 was the most susceptible organism to the oil against which the oil exhibited of inhibition after 96 h did not result in the growth of any of the fungal strains tested. [24, 25] The present study, therefore, provides evidence for the broad-spectrum antimicrobial effect of P. caninus essential oil. This in turn may explain the traditional use of the plant for the treatment of common cold. The antibacterial and antifungal effects of the oil could be attributed to the presence of camphor, the major constituent of the oil, and other minor components such as α-pinene and terpinen-4-ol which have been reported to be effective against bacteria and fungi. [29, 30] Synergistic effects of the major and minor constituents present in the essential oils should also be taken into consideration.
Free-radical scavenging activity
The antioxidant activity of the essential oil of P. caninus on DPPH was determined spectrophotometerically and the radical scavenging ability of the oil is shown in Figure 1 . The oil reduced DPPH in a concentration dependent manner with an EC 50 value of 2.89 mg/ml (3.5 μl/ml). The positive control, vitamin C, reduced DPPH with an EC 50 value of 4.42 μg/ml.
The radical scavenging activity of the oil can possibly be due to the presence of α-pinene, γ-terpinene and terpinen- (Figure 2 ). The oil, at a dose of 200 and 300 mg/kg, was able to effectively inhibit increase in paw volume during the late phase (3 -4 h after carrageenan injection) of inflammation and also exhibited inhibitory effect at early phase (Table 3 ). The effect of the oil at 300 mg/kg during the late phase of inflammation was even higher than that of indomethacin (10 mg/kg). However, no effect was observed at a dose of 100 mg/kg. Based on this observation and the biphasic nature of carrageenan-induced paw edema, it is possible to propose that the significant activity observed at doses of 200 and 300 mg/kg in the suppression of the late phase of inflammation may be due to the ability of the oil to inhibit prostaglandins.
The anti-inflammatory activity of the oil may be attributed to the presence of camphor, α thujene, α-pinene, terpinen-4-ol and the other minor constituents with possible synergestic effects which have been reported in the literature.
[34]
COnClusIOn
The essential oil of P. caninus is mainly composed of camphor and α-thujene. The oil possesses a broad-spectrum activity against bacteria and fungi and also significant free radical scavenging and anti-inflammatory activities. In view of the results of this study, the essential oil of P. caninus can be considered as a readily available natural antiinfective agent and preservative.
4-ol which are reported in the literature to possess antioxidant activity. [31, 32] 
Anti-inflammatory activity
The results of the anti-inflammatory test carried out on the essential oil of P. caninus showed that at doses of 200 and 300 mg/kg, the oil significantly lowered the increase in paw volume indicating possible anti-inflammatory activity of the plant (Figure 2 , Table 3 ). Carrageenan-induced paw edema involves many mediators which induce inflammatory reaction in two different phases. The initial phase, which occurs between 0 and 2.5 h after the injection of the phlogistic agent, has been attributed to the action of mediators such as histamine, serotonin and bradykinin on vascular permeability. It has been reported that histamine and serotonin are mainly released during the first 1.5 h while bradykinin is released until 2.5 h after carrageenan injection. The oedema volume reaches its maximum approximately 3 h post treatment and then begins to decline. The late phase, which is also a complement-dependent reaction has been shown to be a result of overproduction of prostaglandins in tissues and may continue until 5 h post-carrageenan injection. [33] According to the results of this study, the essential oil of P. caninus showed a dose dependant reduction of paw edema 
